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DIRECT CONVERSION CIRCUIT HAVING REDUCED BIT ERRORS 

This application claims the benefit of priority to 
Japanese Patent Application No.: 2003-076939, filed on March 
5 20, 2003, which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION ' 

1. Field of the Invention 

The present invention relates to a direct conversion 
10 circuit for directly outputting a baseband signal from a 
mixer circuit. 

2. Description of the Related Art 

A conventional direct conversion circuit is described 
with reference to Fig. 3. A reception signal 131 received by 

15 an antenna 101 is input to mixers 103 and 104. Also, cosine 
waves 133 and sine waves 134 are output from a phase shifter 
102, to which a local oscillation signal 132 (Lo) is input, 
and are input to the mixers 103 and 104, respectively. The 
mixer 103 outputs a signal 135 by mixing the reception signal 

2 0 131 and the cosine waves 133 and performing downconversion, 
while the mixer 104 outputs 'a signal 136 by mixing the 
reception signal 131 and the sine waves 134 and performing 
downconversion. 

Next, after direct-current offsets are eliminated by AC 

25 couplings 105 and 106, the signals 135 and 136 are output as 
signals 137 and 138, and after unnecessary frequency 
components are eliminated, the signals 137 and 138 are output 
as signals 139 and 140. The signals 139 and 140 are 



amplified to predetermined levels by amplifiers 109 and 110, 
and their output signals 141 and 142 are shaped in waveform 
by analog root Nyquist filters 111 and 112, whereby a 
baseband I signal 143 and a baseband Q signal 144 having a 
5 shaped spectrum are obtained. The baseband I signal 143 and 
the baseband Q signal 144 are converted into digital signals 
by A/D converters 113 and 114, whereby signals 145 and 146 
are obtained (see, for example, Japanese Unexamined Patent 
Application Publication No. 09-168037 (Fig. 3)). 

10 In the above-described conventional configuration, even 

if there is no level difference between the reception signals 
input to one mixer 103 and the other mixer 104, when there is 
a difference, for example, in conversion gain between mixer 
103 and mixer 104, and similarly, when there is a difference 

15 in gain between amplifier 109 and amplifier 110, a level 

difference occurs between the baseband I signal input to the 
A/D converter 113 and the baseband Q signal input to the A/D 
converter 114. In this state, conversion of each baseband 
signal into a digital signal by each A/D converter causes bit 

20 errors. 

SUMMARY OF THE INVENTION 

Embodiments of the present invention reduce bit errors 
by equalizing the levels of 'a plurality of baseband signals 
25 which are input to a baseband processing circuit. 

According to an aspect of the present invention, a 
direct conversion circuit is provided which includes first 
and second mixers to which a radio frequency signal is input, 



an oscillator for supplying the first and second mixers with 
local oscillation signals whose phases are orthogonal to each 
other, a baseband processing circuit for processing baseband 
signals output from the first and second mixers, and a level- 
5 difference correcting circuit in a stage before the first and 
second mixers which, by changing relative levels of the radio 
frequency signal input to the first mixer and the radio 
frequency signal input to the second mixer, corrects the two 
baseband signals input to the baseband processing circuit so 

10 that the levels of both are equal to each other. 

Preferably, a level correcting voltage corresponding to 
a difference in level between the two baseband signals input 
to the baseband processing circuit is output from the 
baseband processing circuit and is input to the level- 

15 difference correcting circuit. 

The level-difference correcting circuit may include 
first and second transistors differentially connected to each 
other and having bases between which the radio frequency 
signal is input, third and fourth transistors having emitters 

20 connected to the collector of the first transistor, and fifth 
and sixth transistors having emitters connected to the 
collector of the second transistor. Load resistors may be 
respectively connected to the collectors of the third to 
sixth transistors. Radio frequency signals output from the 

25 collectors of the first and third transistors may be input to 
the first mixer, and radio frequency signals output from the 
collectors of the second and fourth transistor may be input 
to the second mixer. The level correcting voltage may be 
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input between the bases of the third and sixth transistors 
and may be input between the bases of the fourth and fifth 
transistors . 

As described above, according to the present invention, 
5 in a stage before first and second mixers, a level-difference 
correcting circuit which, by changing relative levels of the 
radio frequency signal input to the first mixer and the radio 
frequency signal input to the second mixer, corrects the two 
baseband signals input to the baseband processing circuit so 

10 that the levels of both are equal to each other is provided. 
Thus, bit errors can be eliminated. 

Also, a level correcting voltage corresponding to a 
difference in level between the two baseband signals input to 
the baseband processing circuit is output from the baseband 

15 processing circuit, and the level correcting voltage is input 
to the level-difference correcting circuit. Thus, even if 
there is a level difference between the two baseband signals 
input to the baseband processing circuit, automatic 
correction so that both signals are in the same level is 

20 performed, whereby bit errors are eliminated. 

Also, the level-dif f erence' correcting circuit includes 
first and second transistors differential-connected and 
having bases between which the radio frequency signal is 
input, third and fourth transistors having emitters connected 

25 to the collector of the first transistor, and fifth and sixth 
transistors having emitters connected to the collector of the 
second transistor, load resistors are respectively connected 
to the collectors of the third to sixth transistors. Radio 
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frequency signals output from the collectors of the first and 
third transistors are input to the first mixer and radio 
frequency signals output from the collectors of the second 
and fourth transistor are input to the second mixer, and the 
5 level correcting voltage is input between the bases of the 
third and sixth transistors and between the bases of the 
fourth and fifth transistors. Thus, relative levels of the 
radio frequency signal input to the first mixer and the radio 
frequency signal input to the second mixer can be changed. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a circuit diagram showing a direct conversion 
circuit according to an aspect of the present invention, 

Fig. 2 is a specific circuit diagram of a level. 
15 correcting circuit for use in a direct conversion circuit of 
an aspect of the present invention, and 

Fig. 3 is a circuit diagram showing the configuration of 
a conventional direct conversion circuit. 

2 0 DESCRIPTION OF THE PREFERRED EMBODIMENT 

A direct conversion circuit according to an embodiment 
of the present invention is described with reference to Figs. 
1 and 2. As shown in Fig. 1, a radio frequency signal (RF 
signal) received by an antenna (not shown) is input to a 

25 first mixer 2 and a second mixer 3 through a level correcting 
circuit 1. A local oscillation signal is input from an 
oscillator 4 to the first and second mixers 2 and 3, with the 
local oscillation signal input to the mixer 3 through a 90- 
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degree phase shifter, so that the inputs to the two mixers 
have orthogonal phases. The frequency of the local 
oscillation signal is equal to that of the received radio 
frequency signal. Thus, baseband signals (I and Q signals) 
5 whose phases are orthogonal to each other are output from the 
first and second mixers 2 and 3. The first and second mixers 
2 and 3 may be formed by a balanced circuit. 

The baseband I signal output from the first mixer 2 is 
amplified by a baseband amplifier 6 and is input to a 

10 baseband processing circuit 8, and also the baseband Q signal 
output from the second mixer 3 is amplified by a baseband 
amplifier 7 and is input to -the baseband processing circuit 8. 
Although filters, blocking capacitors, etc., may be provided 
in stages before and after each of the baseband amplifiers 6 

15 and 7, their representation is omitted. 

The baseband processing circuit 8 includes an A/D 
conversion unit 8a for converting the baseband I signal into 
a digital signal, an A/D conversion unit 8b for converting 
the baseband Q signal into a digital signal, and a 

20 subtracting unit 8c for calculating the difference between 
the two digital signals, whereby the digital signals are 
processed. When there is a level difference between the 
baseband I signal and the baseband Q signal which are 
respectively input to the A/D conversion units 8a and 8b, bit 

25 error occurs. In this case, the baseband processing circuit 
8 outputs a level correcting voltage C corresponding to the 
level difference of the input baseband signals. The level 
correcting voltage C is fed back to the level correcting 
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circuit 1. , 

The level correcting circuit 1 having the' above 
configuration is configured so that the input level 
correcting voltage can relatively change the level of the 
5 radio frequency signal input to the mixer 2 and the level of 
the radio frequency signal input to the mixer 3. A circuit 
suitable for this function is shown in Fig. 2. 

In Fig. 2, the radio frequency signal from the antenna 
is input between the bases of first and second transistors 11 

10 and 12 which are differential-connected to each other. The 
emitter of the first transistor 11 and the emitter of the 
second transistor 12 are both connected to a constant current 
supply 13, whereby differential connection is established. 
The collector of the first transistor 11 connects to the 

15 emitters of third and fourth transistors 14 and 15, and their 
collectors are supplied with power by their load resistors 16 
and 17. The collector of the second transistor 12 connects 
to the emitters of fifth and sixth transistors 18 and 19, and 
their collectors are supplied with power by their load 

20 resistors 20 and 21. 

The base of the third transistor 14 and the base of the 
sixth transistor 19 are connected to each other, and the base 
of the fourth transistor 15 and the base of the fifth 
transistor 18 are connected to each other. The level 

25 correcting voltage C, which, in this example, is balanced, is 
input between the bases of the third and sixth transistors 14 
and 19 and between the bases of the fourth and fifth 
transistors 15 and 18. A balanced signal generated between 



the collector (point A) of the third transistor 14 and the 
collector (point A') of the fifth transistor 18 is input to 
the first mixer 2 in a balanced manner, and a balanced signal 
generated between the collector (point B) of the fourth 
5 transistor 15 and the collector (point B 1 ) of the sixth 

transistor 19 is input to the second mixer 3 in a balanced 
manner. 

Here, when the level correcting voltage C is zero, that 
is, the bases of the third and sixth transistors 14 and 19, 

10 and the bases of the fourth and fifth transistors 15 and 18 
have equal potentials, a radio frequency signal generated 
between points A and A 1 and a radio frequency signal 
generated between points B and B 1 have equal levels. However, 
when the potentials of the bases of the third and sixth 

15 transistors 14 and 19 are higher than the potentials of the 
bases of the fourth and fifth transistors 15 and 18, the 
level of the radio frequency signal generated between points 
A and A 1 is greater than the level of the radio frequency 
signal generated between points B and B 1 , while, conversely, 

20 when the potentials of the bases of the third and sixth 

transistors 14 and 19 are lower than those of the bases of 
the fourth and fifth transistors 15 and 18, the level of the 
radio frequency signal generated between points A and A 1 is 
less than that of the radio frequency signal generated 

25 between points B and B 1 . In other words, the level of the 
radio frequency signal input to the first mixer 2 and the 
level of the radio frequency signal input to the second mixer 
3 are relatively changed by the level correcting voltage C. 



As a result, the baseband I signal and baseband Q signal 
. input to the baseband processing circuit 8 are controlled to 
be at the same level. Thus, bit errors are eliminated in the 
process of signal processing in the baseband processing 
5 circuit 8 . 
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